. Begomovirus genome has high plasticity that led to evolve rapidly. Begomovirus is one of a remarkably successful group of emerging viruses as the results from combination of many factors. Planting systems in Indonesia which often overlapping two or more plant species in one land has high possibility for occurring mixed infection. It is also suggested has high contribution to increase Begomovirus diversity. The aim of this research is to do preliminary identification of Begomovirus infected-Solanaceae and Cucurbitaceae in Yogyakarta based core coat protein (CP) gene sequence. A total of 50 melon, 50 chili, 30 eggplants, and 30 watermelon samples which showed Begomovirus symptoms were observed from several fields in Yogyakarta and Purworejo, Indonesia during 2016. Almost 90% of infected samples for each plant were tested by PCR and showed positive for Begomovirus. Based on coat protein (CP) gene nucleotide sequence identity, Begomovirus infected Solanaceae in Indonesia has close relationship with Pepper yellow leaf curl Indonesia virus (PepYLCIV) and Tomato yellow leaf curl Kanchanaburi virus (TYLCVKaV), while in Cucurbitaceae has close relationship with Squash leaf curl China virus (SLCCV) Tomato leaf curl New Delhi virus (ToLCNDV). All collected isolates showed highest sequence identity with isolates from South-East Asia and China. However, further analysis that including full genome characterization is still needed to explain Begomovirus evolution in Indonesia.
INTRODUCTION
Begomovirus is DNA virus that characterized with monopartite or bipartite circular single-stranded DNA genomes encapsidated in twinned isohedral particles. The size of genome is approximately 2600 nt for each of them (Fauquet and Stanley 2003) . Infected plants exhibit several symptoms including stunting and leaf distortion and some combination of golden-light green-yellow mosaic/mottle, leaf curling, crumpling, veinal or interveinal yellowing, and yellow spots in leaves (Inoue-Nagata et al. 2016) .
Begomovirus is one of a remarkably successful group of emerging viruses (Briddon et al. 2010; Rojas et al. 2008) . This is as the results from combination many factors. Begomovirus is transmitted by Bemisia tabaci, one of the most invasive polyphagous vector that can infect many crops. High population of B.tabaci is directly correlated with the emergence or introduction of new Begomovirus species in new area. Moreover, Begomovirus genome has high plasticity that led to evolve rapidly. Begomovirus genome can encounter mutation, pseudorecombination, recombination, and acquisition of new DNA components and satellites that leading to high infection rates, expanded host range, evolved more virulence strains, and more adapted in environment changed (Seal et al. 2006; Saunders et al. 2002) .
Begomoviruses cause various diseases of dicotyledonous crops in temperate and tropical zones of the world. Severe yield losses have been reported due to Begomovirus in Indonesia especially in Cucurbitaceae and Solanaceae. Three Cucurbit-infecting begomoviruses have been reported in Java Island; Squash leaf curl Philippines virus (Julijantono et al. 2010) , Tomato yellow leaf curl New Delhi virus (Mizutani et al. 2011) , Pepper yellow leaf curl Indonesia virus (Wilisiani et al. 2014) . While in Solanaceae, there are many reports about Begomovirusinfection in Indonesia, especially in Tomato and Pepper, such as Tomato leaf curl Java virus (Kon et al. 2006) , Tomato leaf curl Philippine virus, Pepper yellow leaf curl Indonesia virus (Sakamto et al. 2005) , Ageratum yellow vein virus (Tsai et al. 2009 ), and Tomato yellow leaf curl Kanchanaburi virus (Kenyon et al. 2014) . However, the data about Begomovirus infection in South-East Asia including Indonesia, is still very limited.
Based on complete nucleotide sequences of the genome, Begomovirus is classified into two groups, bipartite and monopartite. Bipartite Begomovirus consists of two circular ssDNA genome, DNA A and DNA B while monopartite Begomovirus lack of DNA B. DNA A possesses six open reading frame (ORFs): AV1, AV2, AC1, AC2, AC3, and AC4 protein. AV2 is only found in old world begomoviruses (Snehi et al. 2017) . AV1 is coat protein (CP) that play role at ssDNA encapsidation, virus particle formation, viral movement, and vector transmission (Snehi et al. 2017 , Seal et al., 2006 , Poonam et al. 2017 . DNA B has two ORFs, BV1 and BC1. BV1 encodes nuclear shuttle protein and BC1 encodes movement protein. The 50 ∼ 200 nucleotides (nt) of the CP gene are highly variable and useful as an informative region for predicting taxonomic relationships within the genus Begomovirus. When complete genome or component of bipartite virus sequences are unavailable, full-length CP gene sequences can be used for rapid detection followed by prediction of Begomovirus species identification (Brown et al. 2001; Mayo and Pringler 1997; Palmieri et al. 2003) . CP was used to analyze genetic diversity of begomoviruses infecting native and cultivated plants from Mexico (Hernandez-zepeda et al. 2007 ), soybean and bean in Argentina (Rodriguez-Pardina et al. 2006) , and cotton in India (Sharma et al. 2005) . However, based on the International Committee of Virus Taxonomy (ICTV) guideline, the complete DNA-A sequence or monopartite genome sequence are needed for definite identification of Begomovirus species (Hernandez-Zepeda et al. 2007 ).
Planting systems in Indonesia which often overlapping two or more plant species in one land has high possibility for occurring mixed infection. It is also suggested has high contribution to increase Begomovirus diversity. Overlapping planting system also provides continual host plants for whitefly population which always close correlated with virus emergence (Brown et al. 2001) . The aim of this research is to describe the provisional genetic variation of Begomovirus infecting members of Solanaceae and Cucurbitaceae in Yogyakarta, Indonesia based on CP gene sequence. The result will be useful in developing strategy to control Begomovirus infection in Indonesia.
MATERIALS AND METHODS

Sample collection and DNA isolation
Observation was conducted in agriculture area where several types of plants planted together. Infected plants showed Begomovirus symptoms including, stunting, leaf curling, foliar mosaic, were collected from Sleman, Bantul, and Kulonprogo (Yogyakarta, Indonesia), as well as Purworejo (Central Java, Indonesia) during 2017-2018 (Table 1 ). All locations located near each other (Figure 1 ). Total nucleic acids were extracted from leaf samples using Plant DNA Extraction kit described by Daryono and Natsuaki (2002) . Before used as PCR sample, DNA was checked quantitatively using spectrophotometry with absorbance 260/280 nm. 
Amplification of Coat Protein Gene
Initially, PCR using Krusty Homer universal primers (Krusty (Forward): 5'CCNMRDGGHTGTGARGGNCC'3; Homer (Reverse): 5'SVDGCRTGVGTRCANGCCAT'3) were used to amplify a part of coat protein gene of begomoviruses. This primer produces ~550 bp DNA band (Revill et al. 2003) . PCR mix was used in 25 µL containing 12.5 µL PCR kit Ready Mix, 1.25 µL for each primer (10 pmol), 2 µL DNA samples (200 ng), and 8 µL distilled water. PCR reaction began with initial denaturation at 95֯ C for 5 minutes, continue with 35 cycles of 95֯ C for 30 seconds, 55֯ C for 30 seconds, and 72֯ for 45 seconds then followed by final extension at 72 C for 5 minutes. The PCR results were analyzed using 1.2% agarose gel electrophoresis staining with Florosafe DNA stain in Tris Borate EDTA (TBE) buffer.
DNA Sequence Analysis
Specific bands were isolated from agarose gel using gel purification kit then sequenced using ABI3730xl DNA Sequencer. DNA sequences were assembled using Genetyx Ver_10, then sequence similarity searches were carried out by comparing sequences to other coat protein gene sequences of Begomovirus in GenBank using BLAST. Phylogenetic trees were constructed at maximum likelihood algorithm with 2000 bootstraps using MEGA 7.0, then edited manually (Islam et al. 2018) .
RESULTS AND DISCUSSION
A total of 50 melon, 50 chili, 30 eggplants, and 30 watermelon samples which showed Begomovirus symptoms were observed from several fields in Yogyakarta and Purworejo, Indonesia during 2016. Purworejo is a district in Central Java Province which is located near Kulonprogo, Yogyakarta. This area is central to watermelon field in Yogyakarta and Central Java. Almost 90% of infected samples for each plant were tested by PCR and showed positive for Begomovirus infection.
Based on sampling location, three samples from each location were sequenced (Table 2 ) except for Sleman. Six samples consist of 3 melon samples and 3 eggplant samples from Sleman were analyzed because this area is university research field where several cultivars from several cities in Indonesia were planted whole year for research purpose.
BLASTn analysis was conducted using CP gene partial sequence. (Rusli et al. 1999; Sulandari 2006) . While in 1998, tomato-infecting Begomovirus was found in Lembang and named as Tomato yellow leaf curl Indonesia virus (TYLCIDV) (Tsai et al. 2006) . It was first report about Begomovirus infecting member of Solanaceae in Indonesia. Then in 2006, Tomato leaf curl Java virus (ToLCJaV) was reported infecting tomato in Bogor (Kon et al. 2006 ). However, there was no further report about TYLCIDV and ToLCJaV infection in Indonesia crops after that. Begomovirus infecting Solanaceae developed into Tomato yellow leaf curl Kanchanaburi virus (TYLCKaV). TYLCKaV isolate from Indonesia was first found in eggplant and very similar to that initially identified in Thailand (Kenyon et al. 2014 ). Our results indicated that PePYLCIV and TYLCKaV were main cause of severe infection among the members of Solanaceae at Yogyakarta.
Begomovirus was also found infecting Cucurbitaceae in Indonesia. Cucurbit-infecting Begomovirus was first reported caused by Squash leaf curl Philippines virus (SLCPV). That infection occurred in melon at Central Java and Yogyakarta (Julijantono et al. 2008) . Different Begomovirus species infecting cucurbit, ToLCNDV, was found during 2011 (Mizutani et al. 2011) . Then in 2014, PepYLCIV was also known infecting melon in Bantul, Yogyakarta (Wilisiani et al. 2014) . Scientific data about Begomovirus infected Cucurbitaceae is still limited. From three species which have been reported, only full genome of ToLCNDV that have been characterized. Although our results showed that there were no new species of Begomovirus that infecting members of Cucurbitaceae in Yogyakarta, we suppose that there are still many begomoviruses infecting cucurbits that have not been identified. It is because of high incidence of Begomovirus infection at almost all province in Indonesia.
Bemisia tabaci, as vector of Begomovirus, has important role in the spread of infection. B. tabaci biotype B is known as highly polyphagous and rapidly develop pesticide resistance. This biotype is invasive. It can displace indigenous whitefly and often results in severe virus outbreaks when introducing to new area (Pan et al. 2012; Sealet et al. 2006) . Coat protein (CP) located on the surface of Begomovirus virion is key of Begomovirus translocation in B. tabaci. The CP will contact with insect tissue to allow virion bind to insect putative receptors and determine which biotype can carry them (Czoznek et al. 2017) .
While in Begomovirus, CP has role in encapsidated of viral DNA. Mutants with lack of CP protein accumulate low levels of ssDNA as result from lack of ssDNA protection from enzymatic degradation (Sunter and Bisaro 1991). CP also the most conserved region of Begomovirus genome. Comparison of CP sequence can be used to identify how Begomovirus genetic relationship. Because of CP important role viral DNA encapsidation, CP also has role in viral movement within plant as well as in vector transmission (Snehi et al. 2017) . Mutation of CP is closely related to Begomovirus variation. High sequence identity of CP can led conclusion that Begomovirus from same area has closest relationship.
Krusty Homer primer was amplified region of 460-1000 nucleotides of CP gene results ~550 bp. This nucleotide covers conserved and variable regions of CP gene (Revill et al. 2003) . Based on CP partial sequences, our results showed that begomoviruses clustered into 2 main groups based on host plants, Solanaceae and Cucurbitaceae. Phylogenetic tree showed relationship between sample isolate with closest species based on CP sequence identity (Figure 2 ). Begomoviruses infecting members of Solanaceae in Indonesia showed high similarity (of CP sequence) with isolate from Indonesia than China and other countries in South-East Asia. TYLCKaV infecting members of Solanaceae in Yogyakarta and Central Java showed high similarity with isolate from Indonesia, Thailand, and China but separated from Vietnam and Kamboja isolate. While PepYLCIV showed different pattern. PepYLCIV infecting members of Solanaceae in Yogyakarta and Purworejo separated into three groups based on its host, ageratum and chili. In Cucurbitaceae groups, two samples clustered with ToLCNDV Indonesia isolate and separated from ToLCNDV from Thailand, Bangladesh, and India. However, SLCV showed that Indonesia isolate has high similarity with Malaysia isolate but not similar enough with China, Philippine, and Taiwan isolate. SLCV evolutionary pattern may be caused by host introduction by human. However, this results only describe genetic similarity of CP gene sequence of Begomovirus. CP sequences can be used for rapid detection of Begomovirus infection and preliminary identification of Begomovirus in new area. Full sequences of DNA-A are needed for establishing new species and definite classification (Hernandez-zepeda et al. 2007) . A partial or complete sequences of CP gene has been used to establish preliminary identification of begomoviruses associated with native flora and cultivated plants in Mexico (Hernandez-Zepeda et al. 2007) , Begomovirus infecting mungbean in Bangladesh (Islam et al. 2002) , and for study of genetic diversity of Begomovirus in Pakistan (Islam et al. 2018) .
Variation of CP implies to Begomovirus evolution. As key of vector transmission and viral movement in plant, CP proteins have evolved differently in different geographic areas and different host. However, region-specific selection pressure has a greater influence than plant host range (Harrison and Robinson 1999) . Before transmitted into new area, Begomovirus was selected by its vector then by host range. During vector transmission, only a limited amount of virus can be acquired by vector so that not all virus population present in the host plant will be transmitted. The prevailing B. tabaci biotypes present in a region will affect the begomoviruses present. Most biotypes can transmit a range of begomoviruses, but they do so with very different efficiencies depending on both virus species and vector biotype (Bedford et al. 1994; McGrath and Harrison 1995; Maruthi et al. 2002) . This phenomenon implies to strong co-adaptation between vector and virus.
When virus has been transmitted by vector to new host, second selection pressure will occur. Host plant specificity are different among species depend on virus genome plasticity and plant resistance mechanisms (Moriones and Navas-Castillo 2000, Seal et al. 2006) . It also displayed in Figure 2 that some species of Begomovirus only found infected members of Solanaceae and others only infected members of Cucurbitaceae. It can be one of reason why phylogenetic separated into two main clades based on host plants. There are many sources of genetic variation in begomoviruses. The occurrence of mutation, pseudorecombination, and recombination also play important role besides selection by vector and plant host. In DNA virus, mutation should have lower effect than recombination because of DNA-polymerase activity. However, some geminiviruses allow non-deleterious mutations to be maintained because they do not utilize normal host mechanism for mismatch repair (Roosnick 1997). Pseudorecombinations have been reported to occur on several begomoviruses (Garrido-Ramirez et al. 2000; Pita et al. 2001; Idris et al. 2003; Ramos et al. 2003) . Begomovirus has ability to make associations between DNA-A component and DNA-B from another virus. Some monopartite Begomovirus can acquire DNA B permanently and changing to bipartite virus (Saunders et al. 2002) . Unlike with pseudorecombination, the process by which from one nucleotide strand become incorporated into different individual strand is known as recombination. Recombination often occurs on nucleotide 2600 -140 that contain intergenic region (IR). Some evidence showed that overlapping regions including AV2/AV1, AV1/AC3, and AC3/AC2 junctions also appear as recombination hotspot in Begomovirus genome (Kirthi et al. 2002; Seal et al. 2006) . Recombinant viruses are generally more adapted to plant host defense as a result of changes in IR or overlapping genes (Eagle et al. 1994; Chellapan et al. 2004) .
Overlapping planting system in Indonesia facilitated greater prevalence for mixed infections occurs. Mixed infections are precondition for recombination. Even though continuous overlapping cropping system is mostly done by Indonesian farmers, data about Begomovirus infection is still very limited. This indicates that recombination events in Begomovirus population still not recorded well. Figure 2 indicates that SLM 9 has different branches than other SLCV melon isolates found. SLM 9 was isolated from areas previously planted with chili and located around cucumber field that are almost harvested, so that there is a possibility of a mixture of infection or recombination. Further analysis of full genome characterization is needed for this isolate.
Preliminary identification of Begomovirus in some area can provisionally describe the potential evolution of Begomovirus and the effect of cropping patterns on the diversity of Begomovirus population. The main factor that causes Begomovirus diversity develop rapidly is a condition that allows the genome rearrangements. Global seed trade also has role in accelerating Begomovirus evolution by facilitating species to reach new area as well as introducing vectors to different host preferences. Control of Begomovirus needs integrated solutions to minimize the emergence of viruses and vector populations. Furthermore, crop management must reduce selection factors that increase the more virulent virus or more resistance vectors.
